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(54) Device for reducing the impact to a pedestrian during a collision with a motor vehicle 



(57) A device tor reducing inpact to a pedestrian 
involved in acollison with a motor vehicle includes a dis- 
placement mechanism (18) to raise a hood (12) from a 
rest position to an impact position elevated relative to 
the rest position, and an air bag module (19) including 
an air bag (33). The air bag module is operative to 
inflate the air bag after displacement of the hood from 
the rest position to the Impact position has begun. When 
inflated, the air bag has its first cushion portion extend- 
ing beneath the hood and Its second portion extending 
out from the rear of the hood. The second cushion por- 
tion extends a lower portion of a windshield (15) of the 
vehicle. 
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Description 

HELD OF THE INVENTION 

[0001] The present invention relates to a device for 
reducing the impact to pedestrians. 

BACKGROUND OF THE INVENTION 

[0002] US A 4,249.632 cfiscloses a device for reduc- 
ing the impact to pedestrians, which considerably 
reduces the magnitude of impact to the head and upper 
body of a pedestrian. Such impact may occur upon 
striking the front hood of a motor vehicle during a colli- 
sion. Referring to Figure 29, discussion proceeds on 
this known device. 

[0003] Figure 29 illustrates a motor vehicle 1 equipped 
with this known device. In Figure 29, a sensor 2 is suit- 
ably arranged in a zone of a front bumper bar of the 
vehicle 1 to detect a collision with a pedestrian. A front 
hood 3 can be pivoted around an essentially horizon- 
tally extending swivel pin placed at the front edge of the 
vehicle 1. The front hood 3 can be displaced by means 
of an air bag 5 that extends essentially across the entire 
width of the vehicle, so as to move it from a rest position 
indicated by one dot chain lines to an interception line 
indicated by full lines. In the rest position, the air bag 5 
is folded and placed underneath the front hood 3, 
approximately in the zone under the cowl. The air bag 
can be inflated in the shortest possible time through a 
gas generator 4. The gas generator 4 may Include a gas 
producing solid propellarrt charge that is ignited by 
means of the sensor 2 over a signal Gna 
[0004] JP-A 7-108902 discloses an air bag 5 that Is 
inflated to extend over a front hood 3 of a vehicle 1 . A 
sensor 2 is arranged In the zone of a front bumper bar 
of the vehicle 1. An air bag module 4 is placed under- 
neath the front hood 3. When the air bag module 4 is 
activated by means of the sensor 2 upon a collision with 
a pedestrian, the air bag 5 is inflated, forming an impact 
buffer between the front hood 3 and the pedestrian. 
[0005] Both of the devices are effective in reducing 
impact to the pedestrian's head upon detection of a col- 
lision. In the known devices, a pressurized gas is intro- 
duced into the air bag to inflate the bag to lift tha front 
hood from the rest position to the interference position 
or to extend over the front hood. A large volume of gas 
is required, making it difficult to reduce the size of a gas 
generator. Thus, difficulty arises in placing the folded air 
bag and the gas generator underneath the front hood. 
[0006] In the device according to JP-A 7-108902, the 
inflated air bag that extends over the front hood creates 
an impact buffer upon detection of a collision with a 
pedestrian. When the pedestrian lands on the front 
hood during the collision, the head of the pedestrian hit 
by the vehicle contacts with the air bag. The stress of a 
direct impact to the head Is the product of the magnitude 
of interference area through which the head contacts 



with the air bag and the magnitude of internal pressure 
of the air baa The head is spherical so that the magni- 
tude of stress, which the head is subject to, ureases 
with the increasing magnitude of displacement Thus, 

5 the air bag must have a considerable amount of vertical 
dimension to absorb kinetic energy of the head. Trie air 
bag and the associated gas generator become bulky, 
making it difficult to find their installation space under- 
neath the hood. 

io [0007] The art relating to reduction of impact to pedes- 
trian is fairly well developed. However, a need remains 
for further development of such devices, especially in 
light of curent movement to increased care off pedestri- 
ans involved in collision with a motor vehicle. 

15 

SUMMARY OF THE INVENTION 

[Q008] Accorcfingty, it is an object of the present inven- 
tion to provide an impact reducing device, which Is easy 

so to mount to a motor vehicle. 

[0009] It is a further object of the present Invention to 
provide such an impact reducing device, which effec- 
tively reduces impact to a pedestrian involved in a colli- 
sion with a motor vehicle. 

25 [0010] Acconcfing to one aspect of the present inven- 
tion, there is provided a device for reducing impact to a 
pedestrian involved in interference with a motor vehicle 
having a hood extencfing in a generally horizontal plane 
and covering a compartment in front of a windshield of 

so the vehicle, comprising: 

a displacement mechanism for the displacement of 
the hood from a rest position to a impact position 
raised relative to the rest position; and 

as an air bag module including an air bag, said air bag 
module being operative In cooperation with said 
displacement mechanism to inflate the air bag, 
causing the air bag to have a first cushion portion 
extending beneath the rear of the hood across at 

40 most the entire width of the hood and a second 
cushion portion extending out from the rear of the 
hood. 

[0011] According to another aspect of the present 
45 invention, there is provided a device for reducing impact 
to a pedestrian involved In interference with a motor 
vehicle having a hood extending in a generally horizon- 
tal plane and covering a compartment in front of a wind- 
shield of the vehicle, comprising: 

so 

means for generating a signal upon collision of a 
pedestrian with the motor vehicle; 
means for displacing the hood from a rest position 
to a impact position raised relative to the rest posi- 
ss tion In response to said signal; and 

an air bag module under the hood, said air bag 
module including a gas generator and an inflatable 
air bag, said air bag module being operative in 
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response to the displacement of the hood from the 
rest position to the impact position to admit gas to 
said air bag, inflating the air bag to deploy a first 
cushion portion beneath the rear of the hood across 
at most tha entire width of the hood and to deploy a 5 
second cushion portion out from the rear of the 
hood to extend over the windshield. 

[0012] According to still another aspect of the present 
invention, there is provided a process for reducrig 10 
impact to a pedestrian involved in interference with a 
motor vehicle having a hood extending in a generally 
horizontal plane and covering a compartment in front of 
a windshield of the vehicle, comprising: 

15 

generating a signal upon collision of a pedestrian 
with the motor vehicle; 

raising the hood from a rest position to a impact 
position in response to said signal; and 
inflating an air bag after the hood has been raised so 
from the rest position to the impact position to 
deploy a first cushion portion beneath the rear of 
the hood across at most the entire width of the hood 
and to deploy a second cushion portion out from 
the rear of the hood to extend over the windshield. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

30 

Figure 1 A Illustrates cflagrammatically, in a side ele- 
vation, a front portion of a motor vehicle equipped 
with a first errfcodiment of an impact reducing 
device with a hood at an elevated Impact position. 
Figure 1 B illustrates, in a slightly magnified plan as 
view, a portion of the motor vehicle shown In Figure 
1A. 

Figure 2A is a cross section taken through the line 
A-A of Figure 1B. 

Figure 2B is a cross section taken through the line *o 
B-B of Figure 1B. 

Figure 3 fflustrates diagrammaUcaDy, in a perspec- 
tive view, a front portion of the motor equipped with 
the first embodiment of the impact reducing device 
in its normal rest position. 46 
Figure 4 illustrates diagrammatical ty, in a side ele- 
vation, the front portion of the motor vehicle 
equipped with the first embodiment of the impact 
reducing device in its normal rest position. 
Figure 5 illustrates diagram matically. in side plan so 
view, a mechanism, used in the first embodiment, to 
raise the hood to the impact position, the mecha- 
nism being In its rest position. 
Figure 6 illustrates the mechanism of Figure 5 in its 
work position to support the hood in Its raised 55 
impact position. 

Figure 7 illustrates diagrarnmaticafly an air bag 
module used in the first embodiment. 



Figure 8A Itustrates, in a perspective view, an air 
bag in its inflated position. 
Figure 83 is a cross section taken through a vertical 
plane oriented in a forward direction of the motor 
vehicle and bisecting the air bag in Figure 8A. illus- 
trating two chambers A and a 
Figures 9A to 9E fflustrate steps of fokfng the air 
bag. 

Figure 10A Bustrates dtegrammatically a ball strik- 
ing a surface of a hood or an air bag at a speed VO, 
the ball having a mass M. 

Figure 10B fflustrates diagrarnmaticafly a first trian- 
gular pattern (fully drawn line) of variation of stress, 
which the ball is subject to at the center of mass 
between an initial zero and final S mMX displacement 
interval and a second triangular pattern (dotted 
line) of variation of such stress. 
Figure 10C illustrates, by the fully drawn line, the 
resultant energy absorption due to the first triangu- 
lar pattern and, by the dotted line, the resultant 
energy absorption due to the second triangular pat- 
tern. 

Figure 11 A, 11B and 11C illustrate tfagra mma t i - 
cally a ball striking the surface of an air bag in an 
initial stage, an intermediate stage and a final 
stage, respectively, with varying interference areas 
between the ball and the air bag. 
Figure 12 i lustra! es diagram maticaJly the resultant 
variation of stress, which the ball is sti^ect to at the 
center of mass during the collision of the ball with 
the air bag as Illustrated In Figures 11 A, 11B and 
11C. 

Figure ISA, 13B and 13C illustrate cfiagrammati- 
cally a ball striking the surface of a hood on an ak 
bag in an initial stage, an intermediate stage and a 
final stage, respectively: with varying Interference 
areas between the ball and the air bag. 
Figure 14 llustrates diagram matically the resultant 
variation of stress, which the ball is subject to 
center of mass during the collision of the bail with 
the hood as illustrated in Figures 13 A, 13B and 
13C. 

Figure 15 fflustrates cfiapammatically, by the fully 
drawn line, the hood and inflated air bag in an initial 
stage of collision of the ball with the hood and, by 
the one-dot chain line, the hood and the air bag in a 
final stage of the collision 

Figure 16 illustrates, by dotted line, variation of one 
stress component due to the air bag. by one-dot 
chain One, variation of other stress component due 
to the hood, and, by the fully drawn line, the result- 
ant variation of stress between an initial and final 
displacement interval. 

Figure 17 fflustrates diagrammatically, in a plan 
view, a front right half portion of a motor vehicle 
equipped with a second embodiment of an impact 
reducing device. 

Figure 16A is a cross section taken through the line 
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C-C of Figure 17. 

Figure 18B is a cross section taten through the line 
D-D of Figure 17. 

Figure 19 illustrates diagrammaticaily variations of 
stress components due to a hood and an air bag 5 
and the resultant variation of stress at positions in 
transverse direction from a longitudinal centertine 
of the motor vehicle to a right-hand lateral side of 
the hood shown in Figure 17. 

Figure 20 illustrates diagrammatical ty, in a plan w 
view, a front right half portion of a motor vehicle 
equipped wtth a third embodiment of an Impact 
reducing device. 

Figure 21 is a slightly reduced view of Figure 20. 
Figure 22A is a cross section taken through the line « 
E-E of Rgure 21. 

Figure 22B is a cross section taken through the line 
F-F of Figure 21. 

Figure 22C Is a cross section taken through the line 
G-G of Figure 21. so 
Figures 23A to 23D illustrate steps of folding the air 
bag used in the third embodiment 
Figure 24 illustrates Diagr a m m atical ly, in a plan 
view, a front right half portion of a motor vehicle 
equipped with a fourth embocfiment of an impact 25 
reducing device. 

Figure 25 is a slightly reduced view of Figure 24. 
Figure 26A is a cross section taken through the line 
H-H of Figure 25. 

Figure 26B is a cross section taken through the line so 
M of Rgure 25. 

Figure 26C is a cross section taken through the line 
J-J of Figure 25. 

Rgure 27 illustrates diagrammatical ly, in a plan 
view, a front right half portion of a motor vehicle ss 
equipped with a fifth embedment of an impact 
reducing device. 

Figure 28A is a cross section taken through the line 
K-K of Figure 27. 

Figure 26B is a cross section taken through the line <o 
L-L of Figure 27. 

Rgure 28C is a cross section taken through the line 
M-M of Figure 27. 

Figure 29 illustrates diagrammaticaHy a front por- 
tion of a motor vehicle equipped with the before dis- 45 
cussed known Impact reducing d erica 
Rgure 30 illustrates diagrammaticaily a front por- 
tion or a motor vehicle equipped with the before dis- 
cussed other known impact reducing device. 
Rgure 31 illustrates diagrammaticaily a front right so 
half portion of a motor vehicle equipped with a sixth 
embodiment of an impact reducing device. 
Rgure 32 illustrates, in a perspective view, an air 
bag used in Figure 31, which includes and is 
divided into three air bag segments. ss 
Rgure 33 illustrates diagrammaticaify a front right 
half portion of a motor vehicle equipped with a sev- 
enth embodiment of an impact reducing device. 



Rgure 34 illustrates, in a perspective view, one 
example of air bag segments according to eighth 
embodiment. 

Figure 35 illustrates, in a perspective view, another 
example of air bag segments according to the 
eighth embodiment 

Rgure 36 illustrates diagrammaticaily a front right 
half portion of a motor vehicle equipped with a ninth 
embodiment of an impact reducing device, wWch 
uses gourd-shaped air bag segments. 
Rgure 37A illustrates, in a plan view, a gourd- 
shaped air bag segments, 
Rgure 37B illustrates, in a perspective view, the 
gourd-shaped air bag segment 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(First Embodiment) 

[0014] Referring to Figures 1 A to 4, the reference 10 
designates a motor vehicle with a front engine compart- 
ment 1 1. A hood 12 is placed above the engine com- 
partment 11. The hood 12 can be raised from a rest 
position to an impact position. The reference numeral 
13 generally designates a pair of retainers to hold the 
hood 12 at the impact position. The pair of retainers 13 
are mounted to the motor vehicle 10 at two mutually dis- 
tant portions, which are laterally spaced from a iongrtu- 
dinal centerfine of the motor vehicle 10 and disposed 
below rear lateral corners of the hood 12. The motor 
vehicle 10 has a cabin or a passenger compartment 14. 
A windshield 15 defines an upper portion erf a front end 
of the cabin 14. The hood 12 has a rear edge. The rear 
edge is disposed in the proximity of a lower end portion 
of the windshield 15 in a spaced relationship. 
[0015] A sensor 16 is mounted to an inner side of a 
bumper 20 that defines the front end of the motor vehi- 
cle 20. The sensor 16 generates a sensor signal upon 
collision with a pedestrian. A controller 1 7, within a front 
area of the cabin 14, receives the sensor signal and 
determines whether or not the hood 12 is to be raised to 
the impact position. Upon determination that the hood 
12 is to be raised to the impact position and an air bag 
asserrbly 33 is to be inflated, the controller 17 sends an 
activation signal to a mechanism 18 to raise the hood 
12. Upon or immediately after the mechanism 16 has 
been activated, the controller 17 sends another activa- 
tion signal to an air bag module 19. 
[001 6] Figures 5 and 6 illustrate the mechanism 1 8 to 
raise the hood 12. Two actuators 21, in pair, are 
mounted below the hood 12 near lateral sides thereof, 
respectively. Each of the actuators 21 employs a piston 
mechanism containing highly pressurized gas or explo- 
sive. Figure 5 illustrates the hood 12 in the rest position 
and the mechanism 1 8 in a standby position, while Rg- 
ure 6 illustrates the hood 12 in the impact position and 
the mechanism 18 in an activated position. In response 
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to the activated signal, a piston 21a of each off the actu- 
ators 21 extends from a retracted standby position (see 
Figure 5) to an extended activated position (see Figure 
6), pressing the rear portion of the hood 12 upwardly 
from the rest position to the impact position. 5 
[0017] Apparently, the mechanism 18 is respons&le 
for raising the hood 12 to the impact position, securing 
quick operation to raise the hood 12 to the impact posi- 
tion. Thus, a great volume of gas is no longer needed to 
inflate the air bag 83, allowing the use of a compact 
source of gas. making is easier id mount the air bag 
module 19 to the motor vehicle 10. The actuators 21 are 
arranged in symmetrical relation about the longitudinal 
centerline of the motor vehicle 10 to accomplsh bal- 
anced symmetrical distribution of forces applied to the 
hood 12. assuring smooth and reliable motion of the 
hood 12 to the Impact position. One may propose an 
appropriate arrangement to convert a drive generated 
by a single actuator to two force components applied to 
botfr lateral sides of a hood. The present mechanism 
incorporating two actuators is advantageous over this 
proposal because should if one actuator fail, the other 
actuator would raise the hood 
[0018] The mechanism 18 includes the retainers 13. 
The retainers 13 hold the hood 1 2 in the impact position. 
The retainers 13 have bases 22 that are fixedly con- 
nected to the motor vehicle 10 at sites in the proximity of 
sides of the engine compartment 1 1 . respectively. Each 
of the retainers 13 has a lock 23 mounted to the associ- 
ated base 22 tor a pivotal motion about a supporting pin 
24. At a portion above the pin 24, the look 23 Is formed 
with a catch 232. At a portion below the pin 24, the lock 
23 Is engaged by one end of a spring 25 whose oppo- 
site end is anchored to the base 22. In the position of 
Figure 5. one of a pair of hinge pins 26 is interposed and 
locked between the catch 232 of the lock 23 and an 
upper portion 22a of the base 22 under the action of the 
spring 25. The hinge pins 26 are fixed to leading ends of 
spaced supporting arms 27 of the hood 1 2, respectively. 
At base end portions, the arms 27 are fixedly connected 
to the hood 12 at left and right lateral edges of a rear 
portion thereof, respectively. Each of the hinge pins 26 
has a middle link 26. At one end. the middle link 28 Is 
mounted to the hinge pin 26 for rotation thereabout. At 
the other end portion, the middle link 28 has a guide pin 
28a. which is inserted into an elongate guide opening 
22b of the base 22. 

[0019] In an ordinary state, each of the pair of hinge 
pins 26 is interposed between the associated catch 232 
of one of the lodes 23 and the upper portion 22a of the 
base 22. In the standby position as illustrated in Figure 
5. the hood 12 can rotate about the hinge pins 26. The 
pistons 21a of the pair of actuators 21 apply upward 
forces to the hood 1 2. Application of such upward forces 
causes the hinge pins 26 to rotate the locks 23 against 
the action of the springs 2a Rotation of the locks 23 
against the springs 25 releases the hinge pins 26. allow- 
ing the rear portion of the hood 12 to lift toward the 



impact position of the hood 12 as illustrated in Figure 6. 
During this movement of the rear portion of the hood 12, 
the guide pins 28a of the middle Gnks 28 slide along the 
elongate openings 22b, respectively until they fan into 
engagement with recesses 22c. The recesses 22c are 
recessed from rear end portions of the elongate open- 
ings 22b. respectively. Pawls 22d are located at rear- 
ward portions of the recesses 22c, respectively. Upon or 
immecfiately after engagement of the guide pins 28a 
with the recesses 22c, the pawls 22d Interfere with the 
middle links 28, respectively, thus preventing the hood 
12 from being elevated beyond the Impact position. 
Thus, the hood 12 win not interfere with inflation of the 
air bag assembly 33 since the actuators 21 elevates the 
hood 12 to the impact position that is limited by the 
mechanism 13. 

[0020] Referring to Figures 2A-2B and 7, an air bag 
module 19 is mounted, within an air box 30, beneath the 
rear portion of the hood 12. The air bag module 19 Is 
elongated transversely with respect to the longitudinal 
centerline of the motor vehicle 10. As best seen in Fig- 
ure 7, the air bag module 19 includes a module case 31 
and a gas generator 32. The module case 31 is fixed to 
the air box 30 by means of bolts 31a. The gas generator 

32 is operative in response to a gas generator activation 
signal from the controller 17 to generate a great amount 
of gas. The gas is admitted via a gas inlet opening 33a 
(see Figure 8A) into the air bag 33. 

[0021] The module case 31 has an upper surface side 
open, which the gas inlet opening 33a is coupled with, 
such that the gas generated by the gas generator 32 
flows into the air bag 33 via the gas inlet opening 33a. 
The gas inlet opening 33a communicates directly with a 
chamber A of the air bag 33. As best seen In Figures 2A 
and 2B, the chamber A is located beneath the rear por- 
tion of the hood 12 when the air bag 33 Is Inflated. 
Referring to Figure 7, in its stored position, the air bag 

33 is folded into a narrow band configuration. The folded 
air bag 33 is partially received in the module case 3 1 . A 
module cover 34 conceals the air bag 33 disposed 
within the opening in the upper surface side of the mod- 
ule case 31. The module cover 34 is easily removed or 
broken into pieces upon inflation of the air bag 33. 
[0022] When it is inflated, the air bag 33 extends 
transversely with respect to the longitudinal centerline 
along the rear edge of the hood 12 and has a first cush- 
ion portion defining the chamber A and a second cush- 
ion portion defining a chamber B. As readily seen from 
Figures 2A and 2B, the first cushion portion, which 
defines the chamber A is disposed between the rear 
portion of the hood 12 and the air box 30. The second 
cushion portion, which defines the chamber B, projects 
rearwards from the rear edge of the hood 12 and 
extends over a lower portion of the windshield 15 (see 
Figures 2A-2B). 

[0023] As viewed in its inflated state as iBustrated in 
Figures 8A and 8B. a restricting member, in the form of 
a partition wall 35, restricts the air bag 33 at a middle 
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portion between two edges thereof spaced along the 
longitudinal centeriine of the motor vehicle 10. The 
restricting member In the form the partition wall 35 
restricts vertical expansion of the middle portion to facil- 
itate inflation of the air bag 33 within a limited period of 5 
time by a lees volume of gas. In this example, the parti- 
tion wall 35 restricts vertical cfistance. at the middle por- 
tion, between a lower wall portion 33b and an upper wall 
portion 33c of the air bag 33 beyond a maximum height 
(see Figures 8A and 8B). The partition wall 35 divides 70 
the interior of the air bag 33 into the two chambers A 
and B, but allows fluid communication between these 
chambers. The partition wall 35 has such a vertical 
tfmension H that, when it is inflated, the air bag 33 is 
reduced In vertical dimension at the middle portion. The 15 
outer contour of the air bag 33 when inflated presents a 
constricted line along the middle portion where the par- 
tition wall 35 is located. 

[0024] The partition wail 35 causes an Increase in 
speed at which the air bag 33 is inflated in horizontal 20 
directions si nee the air bag 33 is less expanded in verti- 
cal direction at the middle portion than It is at the other 
portions. Particularly, in this example, the dimension H 
of the partition wall 35 is short enough to provide suffi- 
ciently high speed at which the air bag 33 is inflated in 25 
horizontal directions. The restriction member is not lim- 
ited to the partition wall 35 that is provided at one por- 
tion of the air bag 33. The restriction member may be in 
the form of a sting interconnecting the lower and upper 
portions of the air bag at the middle portion of the air 30 
bag. The restriction member may Include a plurality of 
partition walls or stings located at a plurality of portions 
of the air bags, respectively. 

[0025] When the air bag 33 is Inflated, the first cushion 
portion defining the chamber A extends transversely, ss 
with respect to the longitudinal centeriine of the motor 
vehicle 10, over almost the whole area of lower surface 
of the rear portion of the hood 12. Under this condition, 
the second cushion portion defining the chamber B 
extends out in a rearward direction from the rear edge of *o 
the hood 12. The first and second cushion portion 
according to this first embodiment may be defined with 
respect to an imaginary transverse plane crossing the 
longitudinal centeriine of Hie motor vehicle 10. When 
the air bag 33 is Inflated, the first cushion portion dis- 45 
posed on the front side of this imaginary plane extends 
under the hood 12 and the second cushion portion dis- 
posed on the rear side of this imaginary plane extends 
out from the rear edge of the hood 1 2. The air bag 33 is 
constricted and has a bend at the middle portion that is so 
in the proximity of this imaginary plane, thus making it 
easy for the first cushion portion to extend under the 
hood 12 and for the second cushion portion to extend 
out from the rear edge of the hood 12 and along the 
windshield 15. ss 
[0Q26] The second cushion portion defining the cham- 
ber B of the air bag 33 extends from the rear edge of the 
hood 12 by substantially same amount over generally 



the whole length of the rear edge. The amount by which 
the second cushion portion extends from the rear edge 
of the hood 12 is determined to minimize influence on 
the driver's front view. 

[0027] The quantity of explosive in the gas generator 
33 is a main factor determining speed at which the air 
bag 33 Is inflated. The air bag 33 must be inflated within 
a period of time from moment when a pedestrian str*ee 
the motor vehicle 10 to moment when the pedestrian 
collides with the hood 12. Vehicle speed at which the 
motor vehicle 10 collides with the pedestrian deter- 
mines the period of time. The quantity of explosive is 
determined as a predetermined function of the vehicle 
speed. Preferably, it is determined to cope with collision 
at the highest vehicle speed. 

[0028] The volume of the air bag 33 is less than that 
of an air bag used in JP-A 7-1 08902 since the air bag is 
no longer required to extend the whole area of the hood 
12, making It easier to mount to the motor vehicle. Par- 
ticularly, according to this first embo dime nt, the air bag 
is no longer required to lift the hood 12 to the elevated 
impact position since the mechanism 18 performs this 
work. The gas generator 32 may be appreciably 
reduced in size because what is required is the capabil- 
ity of inflating the air bag for reduction in impact to a 
head of a pedestrian, making it easier to mount to the 
motor vehicle 10. 

[0029] Figures 9A-9E illustrate steps of folding the air 
bag 33. In Figure 9 A, the module case 31 Is indicated in 
broken line. The module case 31 has two spaced front 
and rear sides 31b and 31c interconnected by two 
spaced lateral ends, only one being shown by a broken 
line 31 a. As shown in Figure 9B, the air bag 33 has each 
of Its lateral end portions folded In along the broken line 
31a. Subsequently, portions of the air bag 33. which 
extend beyond the front and rear sides 31b and 31c of 
the module case 31, are folded in along broken lines 
parallel to the front and rear sides 31b and 31c several 
times as shown in Figures 9C and 9D. Finally, as shown 
in Figure 9E, the folded air bag 33 is inserted into the 
module case 31. The broken lines indicate lines along 
which the air bag 33 is to be folded in. 
[0030] Upon a collision between the motor vehicle 10 
and a pedestrian, the sensor 1 6 generates a sensor sig- 
nal. The sensor 16 applies the sensor signal to the con- 
troller 17. In response to the sensor signal, the 
controller 17 is operative to apply a mechanism activa- 
tion signal to the mechanism 18 and then an air bag 
activation signal to the air bag module 19. Upon receiv- 
ing the mechanism activation signal, the pair of actua- 
tors 21 of the mechanism 18 elevates the rear end 
portion of the hood 12 toward an elevated impact posi- 
tion. Upon receiving the air bag activation module, the 
gas generator 32 of the air bag module 19 inflates the 
air bag 33. The inflation of the air bag 33 is completed to 
accomplish an impact position before the pedestrian 
collides with the hood 12, thus coping with the second- 
ary collision of the pedestrian with the hood 12. 
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[0031 ] in process, the first cushion portion defining the 
chamber A is inflated before inflation of the second 
cushion portion defining the second chamber B since 
gas from the gas generator 32 flows into the first cham- 
ber A via the gas inflow opening 33a directly communi- 
cating with the chamber A. The first cushion portion 
develops under the rear portion of the hood 12 and the 
second cushion portion dove] ope along lower portion of 
the windshield 1 5. Thus, inflation of the air bag 33 under 
the hood 12 is completed before interference between 
the pedestrian and the hood 12 for the subsequent 
energy absorption. The air bag 33 is subjected to stress 
from the hood 12. During this energy absorption, area 
through which force is applied to the air bag 33 is con- 
stant, accomplishing a desired energy absorption char- 
acteristic. An increase in force applied to the air bag 33 
causes pressure within the air bag 33 to tend to 
increase This tendency is eliminated or at least 
reduced by displacing gas from the chamber A into the 
chamber B, suppressing an increase in reaction due to 
the increase in force applied to the air bag 33. 
[0032] Figures 10A to 10C illustrate two typical pat- 
terns of variations of stress and energy absorption 
against variations of displacement Figure 10A illus- 
trates a collision between a ball and an impact surface 
(a surface of hood 12 or a surface of air bag 33). The 
ban has a mass M and states the impact surface at a 
speed vo. The baD is subject to stress (or reaction) F 
from the impact surface. The collision may be evaluated 
by pattern of variations of stress F against variations of 
displacement (see Figure 10B) and pattern of variations 
of energy absorption against variations of displacement 
(Figure 10C). Available patterns of variations of stress 
against variations of displacement may be classified as 
a first triangular pattern with its peak of stress at initial 
stage of displacement or a second triangular pattern 
with its peak of stress at final stage of displacement 
The fully drawn line in Figure 1 0B Illustrates the first tri- 
angular pattern. The broken line in Figure 10B illus- 
trates the second triangular patten. The fully drawn line 
in Figure 10C illustrates variations of energy absorption 
against variations of displacement due to the first trian- 
gular pattern. The broken line in Figure 10C illustrates 
variations of en ergy absorption against variations of dis- 
placement due to the first triangular pattern. Figure 1 0C 
shows that for absorption of a half of energy (O.SEm^J, 
the first triangular pattern requires less displacement 
than the second triangular pattern does. A double 
headed arrow in Figure 10C shows a difference 
between a measure of displacement at which the half of 
energy is absorbed by the second triangular pattern and 
a measure of displacement by the first triangular pat- 
tern. This clearly proves the desirability of the first trian- 
gular pattern over the second triangular pattern. 
[0033] Referring next to Figures 11A-11C and 12. the 
impact reducing device as llustrated in Figure 30 (prior 
art) is evaluated in terms of stress which a ball 36 is 
subject to when it strikes an air bag 5 directly. The air 



bag 5 extends over the whole area of a hood 3. The 
stress results from product of interference area and 
pressure P within the air bag 5. The interference area 
expands at an increasing rate in response to an 

5 increase in displacement as shown in Figures 1 1 A-1 1 C. 
Thus, the dress increases as the displacement 
Increases In a pattern similar to the second triangular 
pattern as llustrated in Figure 12. 
[0034] The stress versus dtaplacement mechanism 

io employed by the preferred embodiment is explained. 
Referring to Figures 13A-13C and 14, the arrangement 
wherein an air bag 33 is compressed between a hood 
1 2 and the structural components when a ball 36 strikes 
the hood 12, is evaluated in terms of a stress compo- 

is nent which the air bag 33 applies to the ball 36. The 
hood 12 possesses a certain degree of ngxfity. The 
Interference area with the air bag 33, which may be 
expressed by the product (transverse length) x (longitu- 
dinal length), expands at a padual rate In response to 

20 an increase in displacement- Thus, the stress compo- 
nent which the baD 36 is subject to, increases at a grad- 
ual rate In response to an increase in displacement in a 
square pattern as illustrated in Figure 1 4. 
[0035] Figure 15 shows in the fully drawn line the Initial 

26 stage position of parts of the impact reducing device 
when a baD 36 strikes the rear portion of the hood 12. 
The phantom fine in Figure 15 shows the final stage 
position of the parts of the impact reducing device alter 
the bafl 36 has struck the hood 12. As Is seen from Fig- 
so ure 15, the air bag 33 is underneath the hood 12 and the 
air box 30 or other consonants within the engine com* 
partmentare underneath the air bag 33. The air bag 33 
extends, across the entire width of the hood 1 2. under- 
neath the rear portion thereof in contact therewith, thus 

ss providing the same impact absorbing performance at 
any point in the rear portion over the entire width of the 
hood 12. 

[0036] Figure 16 illustrates in broken Rne the stress 
component due to the air bag 33 as explained before in 

40 connection with Figure 14. In Figure 16, the one-dot 
chain line fflustrates a stress component due to mass 
and rigidity of the hod 12. The fully drawn line illustrates 
resultant stress of the two stress components. The 
resultant stress, which the bai 36 is subject to, varies 

45 against variations in cfsplacement in a pattern simitar to 
the first triangular pattern that is considered to be 
ap prop r ia te lor impact absorption during coKsion with a 
pedestrian. 

[0037] When the air bag 33 is inflated, the second 
so cushion portion defining the chamber B extends across 
the entire width of the lower portion of the windshield 
15, providing impact absorption within area in the prox- 
imity of the lower portion of the windshield 15. 

ss (Second Embodiment)' 

[0038] Referring to Figures 17, 18A and 18B, this sec- 
ond embodiment Is substantially the same as the first 
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embodiment except the dimension of a first cushion por- 
tion defining a chamber A of an air bag 33. According to 
this second embodiment the first cushion portion of the 
air bag 33 extends underneath a hood 12 less in a for- 
ward direction of a motor vehicle towards lateral sides of 5 
the hood 12. 

[0039] Distribution of stress over the entire width of a 
motor vehicle 10 due to the hood 12 itself is such that 
the magnitude of stress increases toward each of the 
lateral sides of the hood 1 2 as illustrated by the one-dot 10 
chain line in Figure 19. This is because, at two lateral 
side portions, the hood 1 2 is supported by mechanisms 
13 to elevate the hood 12 to its impact position. 
[0040] Distribution of stress over the entire width of 
the motor vehicle 10 due to the air bag 33 itself is such is 
that the magnitude of stress the magnitude of stress 
decreases toward each of the lateral sides of the hood 
12 as illustrated by broken line in Rgure 19. This is 
because the Interference area between the hood 12 and 
the air bag 33 decreases toward each of the lateral 20 
sides of the hood 12. 

[0041 ] Resultant stress of the stress component due 
to the hood 12 and the stress component due to the air 
bag 33 is generally unaltered, in magnitude, over the 
entire width of the motor vehicle 1 0 as illustrated by the 25 
fully drawn line in Rgure 19. 

[0042] The one-dot chain line curve in Figure 19 
clearly shows that vertical strength is the weakest at a 
middle portion of the hood 12 thai lay on the centerline 
of the motor vehicle 10. The vertical strength at the mid- 
die portion 10 of the hood 12 may be increased by 
extending the first cushion portion of the air bag 33 
more in the forward direction, thus making it posstoie to 
increase the vertical strength without any mechanical 
rein fo r c ement 35 

(Third Embodiment) 

[0O43] Referring to Figures 20, 21 and 22A-22C, this 
third embodiment is substantially the same as the sec- <o 
ond embodiment except the configuration of a second 
cushion portion defining a chamber B of an air bag 33. 
According to this third embodiment when the air bag 33 
is inflated, the second cushion portion of the air bag 33 
has protrusions 40 from its lateral ends, respectively. 4S 
The protrusions 40 extend in forward cfirection over rear 
portions of front fenders 41 between which a food 12 is 
disposed. 

[0044] Figures 23A-230 illustrate steps of folding the 
air bag 33 according to the third embodiment In Rgure so 
23 A, two parallel folded lines about which the protrusion 
40 is to be folded are indicated in broken line. The pro- 
trusion 40 is folded as shown in Figure 23B. Subse- 
quently, as shown in Figure 9B, the air bag 33 has each 
of its lateral end portions folded in along a broken line ss 
31a. Portions of the air bag 33, which extend beyond 
front and rear sides 31b and 31 c of a module case 31 , 
are folded in along broken lines parallel to the front and 



rear sides 316 and 31c several times. Finally, as shown 
in Figure 23D, the folded air bag 33 is inserted into the 
module case 31. Trie broken lines indicate Ones along 
which the air bag 33 is to be folded in. 
[0045] Referring back to Figures 20. 21 and 22A-22C, 
in process of inflating the air bag 33. after inflation of the 
first cushion portion defining a chamber A has begun, 
the middle section of the second cushion portion defin- 
ing a chamber B is inflated (see Flgire 22C). After infla- 
tion of the middle section of the second cushion portion 
has begun, each of the lateral end portions are unfolded 
laterally about a line n (see Figure 22B), and then the 
protrusion 40 of each lateral end portion is unfolded for- 
wardly about a line m (see Figure 22A). The protrusions 
40 extend over rear end portions of the front fenders 41 
for enhanced energy absorption there. When inflated, 
the protrusions 40 extend over retainers 13 of the high 
rig'Kfity, respectively, which are mounted under the hood 
12, thus effectively reducing Impact to a pedestrian. 

(Fourth Embodiment) 

[0046] Referring to Figures 24. 25 and 26A-26C. this 
foirth embodiment is substantially the same as the sec- 
ond emb odim ent except the configuration of a second 
cushion portion defining a chamber B of an air bag 33. 
According to this fourth embodiment, when the air bag 
33 is inflated, the second cushion portion of the air bag 
33 has protrusions 42 from Hs lateral ends, respectively. 
The protrusions 42 extend in rearward direction over 
lower portions of front pillars 43 between which a wind- 
shield 15 is disposed. In this embodiment, the protru- 
sions 42 are folded In the same manner as the 
protrusions 40 of the third embodiment are folded. 
[0047] Referring to Figures 24, 25 and 26A-26C, in 
process of Inflating the air bag 33, after Inflation of the 
first cushion portion defining a chamber A has begun, 
the middle section of the second cushion portion defin- 
ing a chamber B is inflated (see Figure 26C). After infla- 
tion of the middle section of the second cushion portion 
has begun, each of the lateral end portions are unfolded 
laterally about a line o (see Figure 26B), and then the 
protrusion 42 of each lateral end portion is unfolded 
rearwardly about a fine p (see Figure 26A). The protru- 
sions 42 extend over the lower portions of the front pil- 
lars 43 for enhanced energy absorption there. When 
inflated, the protrusions 42 extend over lower portions 
of front piflars 46 of the high rigidity, respectively, thus 
effectively reducing impact to a pedestrian. 

(Frfth Embodiment) 

[0048] Referring to Rgures 27 and 28A-28C. this fifth 
embodiment is substantially the same as the second 
embodiment except the configuration of a second cush- 
ion portion defining a chamber B of an air bag 33. 
According to this fifth embodiment, when the air bag 33 
is inflated, the second cushion portion of the air bag 33 
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has protrusions 44 from its lateral ends, respectively. 
The protrusions 44 extend in forward direction over rear 
portions of front fenders 41 between which a food 12 Is 
disposed and also in rearward direction over lower por- 
tions of front pillars 43 between which a windshield 15 is 
disposed. 

[0049] Referring to Figures 27 and 28A-28C, in proc- 
ess of inflating the air bag 33, after inflation of the first 
cushion portion defining a chamber A has begun, the 
middle section of the second cushion portion defining a 
chamber B is inflated (see Figure 28C). After inflation of 
the middle section of the second cushion portion has 
begun, each of the lateral end portions are unfolded lat- 
eratty about a Dne g (see Figure 28B), and then the pro- 
trusion 44 of each lateral end portion is unfolded 
forwardly about a line r and rearward ly about a line e 
(see Figure 28 A). The protrusions 44 extend over the 
rear portions of the front fenders 41 and the lower por- 
tions of the front pfflars 43 for enhanced energy absorp- 
tion there. 

[0050] The second cushion portion of the air bag 33 
may be modified to extend over other portions of the 
vehicle body where energy a b so rpti on is desired. 

(Sixth Embodiment) 

[0051] Referring to Figures 31 and 32, this sixth 
embodiment is substantially the same as the second 
embodiment except the configuration of an air bag. In 
each of the previously described embodiments, the air 
bag of the single piece type has been used. According 
to the sixth embodiment, an air bag includes and 
divided into a plurality of air bag segments. Specifically, 
the air bag includes a middle segment 61 and two lat- 
eral side segments 62 between which the middte seg- as 
merit 61 is disposed. Each of the air bag segments 61 
and 62 is less in volume than the air bag 33 of the single 
piece type. Accordingly small sized air bag modules 60a 
and 60b may be used. This makes it easy to mount 
them to an engine compartment underneath a hood 12. 40 
Mount sites or spaces may be easy to find under the 
hood 12. The middle air bag segment 61 has a restric- 
tion member in the form of a partition wail 61c that 
divides the interior into two chambers. Each of the lat- 
eral side air bag segments 62 has a restriction mentor 46 
in the form of a partition wafl 62c that divides the interior 
into two chambers. The air bag segments 61 and 62 are 
easy and quick to expand into their designed inflated 
configurations because each air bag segment has a 
small volume When they are inflated, each of the air so 
bag segment has a first cushion portion defining one of 
the two chambers and a second cushion portion defin- 
ing the other of the two chambers. The first cushion por- 
tions of the air bag segments 61 and 62 extend 
underneath the hood 12, and the second cushion por- 55 
tions of the air bag segments 61 and 62 extend over 
lower portion of a windshield 15. The air bag segments 
61 and 62 may have different levels of interior pressure. 



In this case, different energy absorption performances 
may be set for middle and two lateral portions across 
the width of rear portion of the hood 12. 



[0052] Referring to Figure 33. this seventh embocfi- 
ment is substantially the same as the sixth embodi m e nt 
shown in Figures 31 and 32 except the use of a distrib- 
utor 70. The distributor 70 interconnects a gas genera- 
tor 60 and the air bag segments 61 and 62 for supply of 
gas to the air bag segments 61 and 62. The use of the 
distributor 70 allows remote arrangement of the gas 
generator 60 from the air bag segments 61 and 62. thus 
providing increased freedom in layout underneath a 
hood 12. 

(Eighth Embodiment) 

[0053] Referring to Figures 34 and 35, two examples 
according to the eighth embodiment are explained. This 
eighth embodiment is substantially the same as the 
sixth embodiment shown in Figures 31 and 32 except 
the structure of a constriction member. In the example 
shown in Figure 34, the partition walls 61c and 62c are 
used as the constriction members, respectively. In Fig- 
ure 34. strings 61 e are used as a restriction member of 
a middle air bag segment 61 and strings 62e as a 
restriction member of each of two lateral side air bag 
segments 62. In Figure 35. a mesh 611 is used as a 
restriction menfcer of a middle air bag segment 61 and 
a mesh 621 as a restriction member of each of two lat- 
eral side air bag segments 62. Thus use of strings or 
mesh as restriction members Is preferable in providing 
smooth flow of gas within each of the air bag segments. 

(Ninth Embodiment) 

[0054] Referring to Figures 36. 37A and 37B. this 
ninth embodiment is substantially the same as the sixth 
embodiment as shown in Figures 33 and 34 except the 
use of a number of gourd-shaped air bag segments 61 , 
62. 63. 64 and 65. As different from the three air bag 
segments 61 and 62, each of the gourd-shaped air bag 
segments 61 does not require such a partition wall 61c 
or 62c (see Figure 32). strings 61d or 62d (see Figure 
34) and meshes 61 e or 62e (see Figure 35). In Figure 
36, the reference numerals 60a to 60e designate air bag 
modules, respectively. Referring to Figures 37A and 
37B, each gourd-shaped air bag segment includes an 
upper wafl 61a and a lower wail 61b joined to each other 
by stitching along a line 61s. 

[0055] The contents of disclosure of Japanese Patent 
Applications No. 10-180958 (fled June 26, 1999) is 
hereby incorporated by reference in its entirety. 
[0056] Each of the above-described implementations 
off the present invention is an example Implementation. 
Moreover various modifications to the present invention 
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may occur to those skilled in the art and will fall within 
the scope of the present invention as set forth beiow. 

Claims 

5 

1. A device for reducing impact to a pedestrian 
involved in interference with a motor vehicle having 
a hood extending in a generaOy horizontal plane 
and covering a compartment in front of a windshield 
of the vehicle, comprising: " 



a displacement mechanism for the displace- 
ment of the hood from a rest position to a 
impact position raised relative to the rest posi- 
tion; and 

an air bag module including an air bag, said air 
bag module being operative in cooperation with 
said displacement mechanism to inflate the air 
bag, causing the air bag to have a first cushion 
portion extending beneath the rear of the hood 
across at most the entire width of the hood and 
a second cushion portion extending out from 
the rear of the hood. 



5. 
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The device as claimed in daim 1, wherein, when 
said air bag is inflated, said air bag is restricted in 
vertical expansion at a portion between said first 
and second cushion portions and has a first cham- 
ber and a second chamber. 

The device as claimed in claim 2, wherein, when 
said air bag is inflated, said first cushion portion of 
said air bag defines said first chamber and said 
second cushion portion of said air bag defines said 
second chamber. 



The device as claimed in claim 3, wherein said air 
bag includes a restriction member interconnecting 
two vertically spaced walls at said portion to restrict 
vertical expansion when said air bag is inflated. <o 

The device as claimed in claim 3, wherein said dis- 
placement mechanism includes actuator means 
operative to push the rear of said hood toward the 
impact position. 45 

The device as claimed in daim 5, further compris- 
ing: 



a sensor to generate a sensor signal upon col- so 
lision of a pedestrian with the motor vehicle; 
and 

a controller operative upon receiving said sen- 
sor signal to determine whether or not the hood 
is to be raised to the impact position and to 55 
generate an actuator activation signal, said 
controller being operative to apply said activa- 
tion signal to said actuators of said displace- 



ment mechanism, causing said actuators to 
push said hood to the impact position, 
said controller being operative to apply an air 
bag module activation signal to said air bag 
module after the activation of said actuator 
means of said displacement mechanism, caus- 
ing said air bag module to Inflate said air bag. 

7. The device as damned in daim 3, wherein, when 
said air bag is inflated, said portion that is restricted 
is less in vertical dimension than the other portion 
is. 

8. The device as claimed In daim 3. wherein, when 
said air bag is inflated, said portion at which said air 
bag is restricted is disposed between said first and 
second chambers, and wherein said first chamber 
attends underneath the hood and said second 
chamber extends out In a rearward direction from 
the rear of the hood. 

9. The device as claimed in daim 5. wherein said 
actuator means indude a pair of actuators mounted 
near lateral sides of the hood, respectively, in sym- 
metrical relation about a longitudinal center! ine of 
the motor vehicle. 

10l The device as claimed in daim 1, wherein said dis- 
placement mechanism includes retainers to hold 
the hood after having been displaced from the rest 
position to the Impact position. 

11. The device as claimed in daim 1. wherein the first 
cushion portion of said air bag extends underneath 
the hood in a forward Erection of the motor vehide 
by the same length over the entire width of the 
hood. 

12. The device as claimed in daim 1, wherein the first 
cushion portion of said air bag extends underneath 
the hood less in a forward direction of the motor 
vehide toward lateral sides of the hood. 

13. The device as claimed in daim 1, wherein, when 
' said air bag is inflated, said second cushion portion 

has protrusions from lateral ends thereof, said pro- 
trusions extend in a forward direction of the motor 
vehide. 

14. The device as daimed in claim 1, wherein, when 
said air bag is inflated, said second cushion portion 
has protrusions from lateral ends thereof, said pro- 
trusions extend in a rearward direction of the motor 
vehide. 



15l The device as claimed in daim 1, wherein, when 
said air bag is inflated, said second cushion portion 
has protrusions from lateral ends thereof, said pro- 
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trusions extend in a forward direction of the motor 
vehicle and also in a rearward direction of the motor 
vehida 

16. The device as claimed in claim 1, wherein said air 
bag includes and is cfivided into a plurality of air bag 
segments. 

17. The device as claimed in claim 16, wherein said air 
bag module includes a distributor for distributing 
inflating gas between said plurality of air bag seg- 
ments. 

18. The device as claimed in claim 16, wherein each of 
said air bag segments include a restriction member 
interconnecting two vertically spaced walls to 
restrict vertical expansion at a predetermined por- 
tion when said each air bag fragment is inflated to 
facilitate expansion of said first cushion portion. 

19. The device as claimed in claim 18, wherein said 
restriction member includes a partition wall. 

20. The device as claimed in claim 18, wherein said 
restriction member includes strings. 

21. The device as claimed in claim 18. wherein said 
restriction member includes meshes. 



a hood extending in a generally horizontal plane 
and covering a compartment in front of a windshield 
of the vehicle, comprising: 

e generating a signal upon collision of a pedes- 

trian with the motor vehicle; 
raising the hood from a rest position to a impact 
position in response to said signal; and 
Inflating an air bag after the hood has been 

io raised from, the rest position to the impact posi- 

tion to deploy a first cushion portion beneath 
the rear of the hood across at most the entire 
width of the hood and to deploy a second cush- 
ion portion out from the rear of the hood to 

is extend over the windshield. 



20 



22. The device as claimed in claim 16, wherein each of so 
said air bag fragments is a gourd-shaped air bag 
fragment. 

23. A device for reducing Impact to a pedestrian 
involved in interference with a motor vehicle having ss 
a hood extending In a generally horizontal plane 
and covering a corrpartment in front of a windshield 

of the vehicle, comprising: 



means for generating a signal upon cofliston of *o 
a pedestrian with the motor vehicle; 
means for displacing the hood from a rest posi- 
tion to a impact position raised relative to the 
rest position in response to said signal; and 
an air bag module under the hood, said air bag 46 
module including a gas generator and an inflat- 
able air bag, said air bag module being opera- 
tive in response to the displacement of the 
hood from the rest position to the impact posi- 
tion to admit gas to said air bag. inflating the air so 
bag to deploy a first cushion portion beneath 
the rear of the hood across at most the entire 
width of the hood and to deploy a second cush- 
ion portion out from the rear of the hood to 
extend over the windshield ss 

24. A process tor reducing impact to a pedestrian 
involved in interference with a motor vehicle having 
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